T HE results of our recent experience with the percutaneous technic of catheterization for hemodynamic and angiographic studies on 127 consecutive infants and children are presented in a companion report. The purpose of this paper is to describe in detail the materials and methods which are utilized in our laboratory. These represent our cumulative experience with approximately 2,300 cardiac catheterizations in infants and children performned since January 1, 1962, at Indiana University Medical Center and later at Childrens Hospital of Los Angeles, under the direction of P.R.L., who modified the technic' of Seldinger for application in children., 2 Over the years additional refinements Seldinger technic have been made in the method including multiple catheter insertion in a single vessel and several useful technics for catheter manipulation. Methods
The following autoclavable materials are needed for percutaneous catheter insertion and for manipulation ( fig. 1 The basic set for percutaneous insertion of 6 F cath- In choosing the catheter sizes for a given patient, the operator must consider (1) the size of the patient, (2) anticipated difficulty of manipulation, and (3) whether or not angiography is of prime importance in the case. The greater the French size of the catheter, the stiffer it is and the more cumbersome it is for complex manipulations. On the other hand, a larger bore catheter is advantageous for angiography. A thinwalled catheter has an internal diameter approximately the same as that of a standard wall catheter that is one French size larger.
Catheter Insertion Preparation of the Materials Prior to Catheterization All the necessary items mentioned above are inspected for defects and for mutual compatibility. The guide wire must pass easily through the needle, the dilator, and the catheter. There must be a snug fit of the wire at the tips of the dilator and the catheter. They are placed close to the operative field for ready access ( fig. 1 The key to successful insertion of an arterial catheter lies in precise puncture of the center of the femoral artery with the needle well aligned with the course of the vessel. The first step is to plot the course and depth of the artery by careful palpation. The artery is felt to take a relatively superficial course as it emerges from beneath the inguinal ligament. The artery is then felt to bend more deeply as it passes distally in the femoral triangle until it submerges into the adductor canal. The needle should be aimed for the point where this "bend" is felt. The needle is guided along an imaginary line which runs almost parallel to and directly over the artery and which, after penetrating the skin in the middle part of the femoral triangle, intersects the artery at an angle of 20 to 300. Once the needle tip is under the skin, the stylet should be removed. patient complains of pain, the wire must be withdrawn and the needle repositioned to obtain maximal flow. Sometimes retracting the needle slightly or rotating the hub 90 degrees in either direction may help to place the needle bevel totally within the vessel lumen. Frequently a novice operator tends to grasp the needle hub too firmly while attempting to pass the guide wire, causing the needle tip either to move inadvertently against the vessel wall or to kink the vessel preventing successful passage of the wire. If after reasonable attempts one fails to pass the wire guide, the needle is withdrawn and pressure is applied to the area of vessel puncture (for about 5 min) until bleeding stops completely before another puncture attempt is made. In some cases one obtains a distinct tactile sensation of the wire sliding in the vessel lumen for a short distance and then meeting abrupt obstruction. This may be due to tortuosity of the vessel or entry of the wire tip into a side branch. The situation may be remedied by manipulation of the wire under fluoroscopic control. If lumen. The dilator is now removed and a catheter substituted after wiping the wire clean. Pressure should be maintained on the puncture site and the wire held stationary during the insertion.
Before the catheter is pushed under the skin, the operator must make sure that at least 1 cm of the guide wire is protruding from the hub of the catheter. The wire may have to be retracted to meet this condition. Otherwise, the wire cannot be retrieved after catheter insertion. A combination of pushing and rotating effects entry into the vessel. Again counter traction on the protruding end of the wire may be helpful. As soon as the catheter is in place, the location of its tip is confirmed by fluoroscopy. The wire is withdrawn, clots are evacuated by vigorous suction with a syringe, and the catheter is then filled with heparinized saline which is retained by a closed stopcock.
Catheter Exchange with Guide Wire
In the course of diagnostic studies, it may become desirable to use a different catheter from the one originally inserted. For example, after a small bore catheter has been manipulated into a location, a larger bore catheter is desired for angiography. The following procedure is useful for this purpose. After inserting a wire guide through the lumen, the existing catheter is removed over the wire and a new catheter substituted. Again compression is necessary to prevent bleeding. The end of the wire must be protruding from the hub of the new catheter before its tip is worked into the skin hole. (fig. 4) .
This technic combines the advantages of a small needle for entering a small artery and a IA Figure 4 The set for graduated dilation technic to be used for infants weighing less than 20 pounds. (1) reasonably large catheter for high fidelity pressure recording and high contrast angiography.
Catheter Manipulation With the use of the guide wire for catheter insertion comes a bonus-an improved system of guiding the catheter. The Teflon catheter was found superior for guide wire technic because both irnner and outer surfaces had higher lubricity and blood repellency than the time-honored nylon cardiac catheter. Teflon is, on the other hand, less elastic and more plastic than nylon. The There is no directional control of the tip of the tubing which simply "floats" into downstream location. This method was used in catheterizing the completely transposed pulmonary artery by Carr and Wells4 and is utilized for the same purpose in our laboratory with a high degree of success.
Some of these configurations may be further modified if one uses wires which are of smaller gauges than the one to which the catheter had originally been tapered. This will add to flexibility of the system rendering it less traumatic and adaptable to more tortuous or narrow passages. The following are actual laboratory situations in which one or more of the above configurations are combined to gain access to the desired vascular compartments. Catheter Removal and Aftercare After the conclusion of the diagnostic study, the catheters are removed. Firm pressure is applied immediately to the area where the blood vessels were punctured. Skin holes need not be covered. Five to 10 min of compression is usually sufficient for complete cessation of bleeding. The wound is then observed for a few minutes, before it is dressed with an absorbent dry dressing. The patient is observed for changes in vital signs and for bleeding or hematoma from the wound. Usually, rest in bed for 4 to 8 hours is sufficient before the patient is allowed to ambulate. The catheters are checked for the presence of small clots immediately following the removal from the patient. Our recent survey indicates a significant correlation between presence of the clots in the arterial catheter and delay in return of distal pulses.
Our patients are usually ambulating normally and are discharged from the hospital 12 to 18 hours after the study. In most cases, scars from the percutaneous catheter insertion are difficult to see 6 to 8 mo later. The same artery and vein may be used again for a second or third cardiac catheter if necessary.
Processing of Materials after Their Use
Needles, catheters, and stopcocks are disassembled, thoroughly flushed with tap water, cleansed with detergent-antiseptic, shaken in an ultrasonic bath, flushed with distilled water and autoclaved.
Guide wires are preferably discarded after a single use. If they appear upon careful inspection to be mechanically perfect, they must be subjected to prolonged ultrasonic shaking and flushing as their interstices hold blood with great tenacity.
Dilators cost little. They may be discarded or re-used if there is no deformity after use.
Discussion
The percutaneous guide wire technic of catheter insertion and manipulation described here has been shown in a companion paper to combine advantages such as: (1) rapidity of catheter placement and removal; (2) accessi-bility to many cardiovascular structures; (3) possibility of multiple catheters in a single vessel; (4) ease of aftercare (and patient satisfaction); (5) low incidence of complications; and (6) re-use of the same vessels for later procedures. From our own experience, skill in this technic cannot be acquired overnight. Indeed, proficiency in conventional cutdown technic and catheter manipulation without guide wires is no guarantee of facility with this method from the outset. We strongly believe that for the maximum safety to the patient and for the fastest acquisition of skill, the beginner should seek coaching and supervision by someone who is already proficient rather than resort to unsupervised trials which may prove to be frustrating, wasteful, and hazardous.
